In this work, the new refined mineral platelets-like morphology of simonkolleite based particles described by Shemetzer et al. (1985) H 2 O n a n o -p l a t e l e t s r e v e a l e d a significant and singular H 2 gas sensing characteristics. The operating temperature was f o u n d t o p l a y a k e y r o l e on the sensing properties of simonkolleite. The effect of temperature o n the simo nkolleite sample as a hydrogen gas sensor was studied by recording the change in resistivity of the film in presence of the test gas. The results on the se ns it iv it y and respo nse t ime a s per co mpari so n to ear lie r repo r ted Zn O based sensors are indicated and discussed.
H 2 O were characterized by scanning electron microscope energy dispersed X-ray spectroscopy, transmission electron microscope, powder X-ray diffraction and selected area electron diffraction as well as attenuated total reflection infrared spectroscopy. The morphology as well as the size in both basal and transversal directio ns of the simonkolleite Zn 5 (OH) 8 H 2 O was first described and named by Schmetzer et al. [1] . It occurs as a natural weathering product of Zn-bearing mine slags in the German region of R i c h e l s d o r f . M o r e p r e c i s e l y , S c h m e t z e r e t a l . ( 1 9 8 5 ) i d e n t i f i e d w u l f i n g i t e ( Z n ( O H ) 2 ), along with native Zn, zincite and hydrozincite. It was named after Werner Simon and Kurt Kolle, the mineral collectors of Cornberg near Michelsdorf in Germany, who were the first to submit the corresponding samples for investigatio n [1] . Most reports on simonkolleite are geared towards bulk properties with a net focus on understanding the surface atmospheric corrosion products on Zn plates [2] . While colorless, simonkolleite forms tabular hexagonal crystals up to ~1mm in diameter, and has perfect cleavage parallel to the (001) direction. It is a soft compound with a Mohs hardness of ~1.5 and a specific gravity of 3.2. The crystal structure of the synthesis analogue of simomkolleite was reported by Nowacki et al [3] and Allmann [4] .
The oxygen vacancies on the surface of simonkolleite are electrically and chemically active, as in the case of ZnO. These vacancies may then function as n-type donors and thus significantly increase the material's conductivity. According to the gas sensing mechanism, normally accepted for semiconductor gas sensor, the oxygens adsorbed on t h e s u r f a c e o f t h e o x i d e m a y a s s u m i n g l y r e m o v e c h a r g e s a n d t h u s d e c r e a s e s t h e material's conductivity.
Common sensors proposed to use an indirect approach (e.g. Raman spectroscopy, etc.)
or requiring complicated components to detect the presence of H 2 . Many ideas have been p r o p o s e d s u c h a s u s e o f d i f f e r e n t m e t a l w i r e s [ 5 ] , s e m i c o n d u c t o r o x i d e s nanoarchitectures [6] , etc. Gas sensors based on ZnO nanorods, SnO 2 nanowires, In 2 O 3 n a n o w i r e s , e t c . s h o w e d e x c e l l e n t r e s p o n s e a n d r e c o v e r c h a r a c t e r i s t i c s [ 7 ] a n d c a n potentially overcome obstacles of other type of sensors, such as sensitivity, selectivity, etc. One of the requirements of the gas sensors is low power consumption, because the sensors need to work reliably and continuously. A low resistance material has lower driving power when it is used as a sensor. Appropriate donor doping can produce the e l e c t r o n i c d e f e c t s t h a t i n c r e a s e t h e i n f l u e n c e o f o x y g e n p a r t i a l p r e s s u r e o n t h e conductivity. Nanto et al. [ 8 ] s h o w e d t h a t a l o w e r o p e r a t i n g t e m p e r a t u r e m a y b e achieved by the doping effect, and a significant resistance change can be obtained in the doped ZnO rather than the undoped ZnO sensor, which results in a higher sensitivity [8] . Hydrogen and fuel-cell techno logies are believed to be the energy solutions for the twenty-first century, enabling clean, efficient production of power and heat from a range of primary energy sources. In the spectrum of technologies that interconnect to shape the global hydrogen economy vision, platinum plays a crucial role as a catalyst that converts hydrogen to electricity. According to the International Platinum Association (2003) , no other material has been shown to be as effective as platinum in protonexchange-membrane fuel cells (PEMFCs). The transition to a future "hydrogen economy"
is expected to reduce dependency on oil and gas greatly, and reduce carbon dioxide emissions. However, H 2 is a hazardous, odourless and highly inflammable gas and it is n e c e s s a r y t o d e t e c t i t s l e a k a g e . A r e l i a b l e a n d i n e x p e n s i v e s e n s o r t h a t c a n t a k e advantage of nanoscale to detect hydrogen leaks is the focus of many research groups [1-4, 10, 11] .
In terms of synthesis of simonkolleite, zinc chloride was used as a precursor so far for bulk synthesis [6] . In addition of the nano-scaled aspect, and using zinc nitrate along with sodium chloride aqueous solution as a starting material was seldom reported, if a n y .
H e n c e , t h e p r e s e n t c o n t r i b u t i o n r e p o r t s o n f o r t h e f i r s t t i m e r e l a t i v e l y l o w
temperature synthesis of nano and micron scaled simonkolleite with a pronounced shape anisotropy; platelets-like hexagonal nano/micro crystals and its initial H 2 gas sensing investigations.
Experimental details
A solution containing zinc nitrate hexahydrate (Zn (NO 3 ) laboratory oven were used, respectively. Finally, the thin film was thoroughly rinsed with deionized water to eliminate residual salts, and dried in air at the same temperature used in the oven. Scanning electron microscopy "SEM, Jeol 3000", and powder X-ray diffraction (XRD), with CuK α1 radiation (D8 advance Bruker X-ray diffractometer, λ=0.154060 nm at 40 kV and 40 mA), were used to investigate the surface morphology and structural properties of ZnO, respectively. Furthermore; infrared attenuated total reflection spectrophotometry was used to confirm the simonkoleitte phase structure. The gas sensing sensors based on simonkolleite nano-micro platelets were fabricated. The gas sensor was put in a cylindrical gas flow chamber with 10 cm in diameter, 15 cm in height fabricated with Cu plates electrodes at each end of the tube with a coil heater inserted into the tube. The gas sensor was put in a cylindrical gas flow chamber and allows the concentration of 200 ppm hydrogen gas with work temperatures from 150 o C to 350 o C to pass through the chamber. The H 2 gas sensing properties were recorded using a computer controlled gas sensing characterization system. The relative concentration of the H 2 gas was measured using pre calibrated gas flow meters. The change in film resistance was noted in the same concentration of the test gas at several temperatures. The sensitivity [(R air -R gas )/R air ] defined as the percentage change of the film resistance in presence of the test gas was calculated for each temperature. The sensor response and recovery times were determined from the transient response characteristics. 
Results and discussion
Figs.1 (a & b) depict representative scanning electron microscopy images of nano and micron scaled platelets. There is no net spatial orientation perpendicularly or parallel to the substrate wherever on pure glass or silicon substrates. The dense set of anisotropic nano/ micro platelets seem to grow faster along the basal plane and slower within the transversal direction. While their transversal size is within the nano-scaled range during the very early stage of the growth "270 to 410nm for~2h deposition time", it increases reaching the micron range for higher deposition time "~2 to 10 µm for 24h". As conveyed in Fig.1(c) , it seems that the growth is more reinforced within the basal direction at the very early stages. One could observe that at such a stage, the particles are flakes type.
This could imply a similar growth mechanism as for the ZnO nano/micro scaled rods syn th es ized by a si mi lar h ydro t her mal pro ced ure [5] . I f so , the gro w th m echa n is m should be Frank-Van der Merwe driven process as well. 
Figure 4
Electron dispersion X-rays analysis of the zinc hydroxychloride, Zn 5 (OH) 8 Cl 2 ·H 2 O plate-like structure.
The morphology of the final product changed greatly depending on NaCl additive. In the absence or less concentration of NaCl, e.g. 0.001M, the morphology was observed to be changing to a rod-like hexagonal structure. The electron dispersion X-rays analysis (EDAX) data taken from the various samples indicate the presence of Zn, O and Cl as illustrated in Figure 4 . To concur again with both XRD and EDAX investigations on the purity of the simonkolleite nature of the nano/micron platelets, infrared attenuated total reflection (ATR) studies were performed. The ATR investigations were carried out in the The H 2 gas sensitivity S was determined by the relative resistance, [(R air -R gas )/R air ], where R air is the resistance of the sensor before passing the gas and R gas that after passing it. Systematic gas sensing studies were made on simonkolleite thin films, prepared at 85 O C, using Cu contacts. It is well known that the sensitivity is mainly determined by the dimensions of the microstructures. Figure 6 Compared to our maximum sensitivity of simonkolleite in the range of (nano-micro)-plates achieved at 300 o C, simonkolleite sample is higher than the maximum sensitivity of the 500nm diameter ZnO and comparable with the 50nm diameter ZnO nanorodarrays. It is also several times higher than the sensitivity of ZnO films operated at temperatures from 300 to 400 o C [16] . The fast responses and high sensitivity might be due to high polarity and/or porosity in plate-like structure of simonkolleite samples.
Conclusions
The plate-like structure is strongly related to the formation of a simonkolleite processing The sensitivity D R/R of our sensor is attractive for further investigation for practical H 2 sensor applications.
